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Abstract. From 12 to 18 species of desert lizards occur in ecologic sympatry on 10 study areas in the Kalahari desert of southern Africa. The number of species of diurnal lizards is similar to the number in the North American deserts, while the nocturnal component of the saurofauna is more comparable to that occurring in the Australian deserts. The betweenhabitat component of species density is similar in the American and the Kalahari deserts, but is markedly greater in the Australian desert. A variety of climatic and vegetational statistics are examined for the 10 areas, and correlations with lizard species density are discussed.
In previous work on North American and Australian deserts (Pianka 1966b (Pianka , 1967 (Pianka , 1969a (Pianka , 1969b , I demonstrated that the number of species of lizards coexisting within habitats is a complex function of climate, history, and habitat complexity (spatial heterogenity). Here I present and discuss data on a third desert-lizard system, one that is independently derived and evolved but otherwise ecologically similar: the lizards of the Kalahari desert in southern Africa.
STUDY AREAS AND METHODS
Ten study areas were selected, varying in physiography, topography, climate, and vegetative structure.
Areas were deliberately chosen along a rainfall gradient in order to test the effect of productivity on the number of species of lizards [for discussions of the relationship between precipitation and production in desert regions see Pianka (1967 Pianka ( , 1970 ]. The easternmost four areas (arbitrarily designated G, D, R, and T) have an average annual rainfall of over 200 mm, whereas the six more westerly areas have a longterm mean annual precipitation of less than 200 mm.
These latter six study sites (L, K, M, B, A, and X) all lie within the "dune area" of the southern Kalahari as delineated by Leistner (1967) . Locations of nine of the ten study areas are given by Pianka and Huey (1971) ; area M is at latitude 26022' S and longitude 19049' E.
The dune area of the southern Kalahari, also called the "sandveld" or the "duneveld," supports a shrubs, including Acacia mellifera, Rhigozum trichotomum, and Grewia flava; area R is a nearly "pure" Rhigozum site. Area T is a mixed, open, forest-savanna area with a substantial number of trees; for convenience this study area is treated as two distinct areas, the savanna (Ta) and the forest (Tf). Area T8 is a gently rolling sandplain dominated by perennial grasses withan occasional Grewia or Acacia bush and a few scattered trees. Area Tf, on the other hand, has very few grasses and small shrubs but many trees and large bushes, including Boscia albitrunca, Acacia giraflae(?), and Acacia mellifera.
Lizards were censused on most areas from December 1969 through October 1970.
METHODS
Methods follow closely those used in earlier studies (Pianka 1965 (Pianka , 1966b (Pianka , 1967 (Pianka , 1969a (Pianka , 1969b (Pianka , 1970 , and are only outlined briefly here. At least 32 large quadrats (58 to 232 M2) were staked out on each study area, and all perennial plants within these quadrats were measured and counted. Linear measurements of the approximate height and width of shrubs and trees were made (to the nearest decimeter) and used to estimate plant volumes, using formulae for the volumes of oblate and prelate spheroids (V = 4/3=a2b, and V = 4/3iab2, where a and b are the major and minor semi-axes, respectively) depending upon the general shape of each shrub and Chondrodactylus angulifer NT x x x x x x x x x x X X Ptenopus garrulus NT x x x x x x x x x X X X Colopus wahlbergi NT x x x x x x x x e x x x Pachydactylus rugosus NA x x x x x x x Pachydactyllus capensis NS x e x x X X X X X X X X Pachydactylus bibroni NA x x x x X X Pachydactylus punctatusa NT X Lygodactylus capensis DA X Agama hispida DS x x x x x x x x x x x x Typhlosaurus lineatus F x x x x x X X X X X X Typhlosaurus gariepensis F x x X X X X Mabuya striata sparse DA x x x x x x x X Mabuya punctatissimus DA x X X X X Mabuya occidentalis DT x x x x X X X X X X X X Mabuya longiloba DT X X X X X X X X Eremias Iineo-ocellata DT x x x x X X X X X X X X Eremias namaquensis DT x x X x x X X X Eremias lugubris DT x x x e x x x x x x x x Nucras tessellate DT x X X Nucras intertexta DT X X Meroles suborbitalis DT x x X X X X X X X Ichnotropis squamulosa
Totals ( (Darlington 1957 (Darlington , 1965 ) that the climatic effects of the Pleistocene glaciations were more pronounced in the northern
hemisphere.] Present-day climates in portions of the three desert systems are relatively similar, making it unlikely that climatic differences are a cause of existing present-day differences in the number of nocturnal species.
Two extremes in the mode of foraging of carnivorous animals are (i) the "sit-and-wait strategy," in which a predator waits passively until a moving prey item offers itself and then "ambushes" the prey, and
(ii) the "widely foraging strategy," in which the predator actively searches out its prey (Pianka 1966b , Schoener 1969 ). Ordinarily, the success of the first method requires one or more of the following conditions: a fairly high prey density, high prey mobility, low predator energy demand. The success of the second method is also a function of the density and mobility of prey and of the predator's energy requirements, but here the distribution of prey in space and the searching abilities of the predator take on paramount importance. Obviously, the dichotomy of "sit-and-wait" versus "widely foraging" is somewhat artificial in that these two "strategies" are actually endpoints of a continuum of foraging strategies.
However, because the actual foraging techniques used by lizards are often rather strongly polarized (Pianka 1966b (Pianka , 1969b , the dichotomy has substantial practical value and it is employed here in that spirit. Diurnal terrestrial 4-7 (5.4) 4.5-7.5 (6.3) 9-21.5 (14.4) Duirnal arboreal 0-3 (0.9) 1.5-2.5 (1.9) 0-5.5 (2.6) Nocturnal terrestrial 0-2 (1.1) 3.5 (3.5) 6-9 (7.6) Nocturnal arboreal 0 (0.0) 0.5-2.5 (1.6) 1-4 (2.6) Fossorial 0 (0.0) 1-2 (1.4) 1-2 (1.1) In the North American desert system, iguanid lizards forage by sitting and waiting (Pianka 1966b) , whereas the teid Cnemidophorus tigris is widely foraging (Pianka 1970 Only one of the diurnal terrestrial species in the North American desert system is widely foraging (Cnemidophorus tigris); in the Kalahari, from three to five of the diurnal terrestrial species forage widely, while in the Australian desert, anywhere from four to 14 such species can occur in sympatry on a given study area. The large numbers of widely foraging species of diurnal terrestrial lizards in Australia are due primarily to extensive sympatry of skinks of the NOTE: X = mean, SD = standard deviation, H = -E pi log, pi, where pi is the proportion of thc itb species (see text).
genus Ctenotus, whose comparative ecology I have examined in detail (Pianka 1969b) . Table 2 demonstrate that this component of diversity is considerably greater in that desert system. MacArthur (1965) has argued that there is essentially no limit on "between-habitat" diversity and that this component of diversity could well be increasing continually. It may be significant that there is a correlation between total species diversity and the between-habitat component of species density. In any case, "within-habitat" differences in diversity are ecologically more interesting (Pianka 1966a) , and the present analysis was designed to probe into their causes and to attempt to explain patterns of withinhabitat diversity.
Climatic statistics from weather stations near each of the 10 study areas are listed in Table 3 . Comparison of Tables 1 and 3 indicates no tendency for the wetter (more productive) eastern areas to support greater numbers of lizard species. In fact, although lizard species density is not significantly correlated with any climatic statistics, there is a weak inverse relationship (r = -.450, P < .15) with the long-term average precipitation; that is, drier and presumably less productive areas tend to support more species.
Results of the plant counts and measurements are summarized in Table 4 . Only two of the measures listed are significantly correlated with the number of lizard species: mean percentage coverage (r = -.556, P < .05) and plant species diversity, by volume (r = .623, P < .05). Plant volume diversity, shown to be strongly correlated with lizard species density in North America (Pianka 1966b (Pianka , 1967 A plot of bird species density against lizard species density on various study areas in each of the three continental systems. Note that as overall species density increases, bird species increase faster than lizard species in North America and the Kalahari, but that lizard species increase faster than birds in Australia. The sharp upper bound on lizard species density in the Kalahari is also evident (16 species).
16 to 41 on a given study area (Pianka and Huey 1971) ; this represents more species than occur in the North American desert, but about the same number the occur in the Australian deserts (Pianka 1969a) . 
